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Fluctuation in Standing Stock of Seaweed Beds Formed on a Sloped
Seawall Reef and its Associating Environmental Factors in Osaka Bay

— A Case Study in the Seawalls of the Kansai International Airport Islands—

Yoshihiro YoneEpal* - Tsukasa Yosuipa? * Shuichi Susa? « Koichi MaTsur
Kenji Kaneko? » Teruaki Suzukr® and Teruhiro TaxkeBeb

Abstract

Along the Kansai International Airport islands, which are two artificial contiguous islands in the
eastern area of Osaka Bay, a large-scale sloped seawall suited for seaweed bed development was
constructed for the first time in Japan. The degree of coverage and areas of seaweed vegetation were
monitored from 1989 to 2010. However, the change in standing stock of seaweed was not followed in the
monitoring program. We conducted a new survey to convert the seaweed coverage data to standing
stock for evaluation of the ecological functions of seaweed beds formed on the seawalls of the airport
islands. The result showed that the total surface coverage of the airport island seawalls in 2010 was
approximately 2.5 times higher than in 1999 but the total standing stock in 2010 was only approximately
14 times higher than in 1998. This is thought to be attributed to the significant decrease of Ecklonia
that had been growing thickly near the first airport island, caused by reduced current speed and wave
flows due to the second island.

The annual production from the surface area of seawalls in 2010 is estimated at 44,680 kgC/y, 2,992
kgN/y, and 181 kgP/y, respectively. We estimate that 18% of the annual carbon absorption of seaweed
beds that was lost in Osaka Bay in the past is absorbed by the sloped seawall area near the airport
islands. The annual production from the slightly sloped seawalls (per unit area) in terms of carbon,
nitrogen, and phosphorus is approximately 9, 7, and 8 times higher than that of vertical seawalls,
respectively. In terms of the cost of constructing a sewage treatment facility, we estimate that
converting vertical seawalls to sloped seawalls for a distance of 1 km would yield benefits of 8.2 million
yen per annum in terms of nitrogen treatment amount and 4.5 million yen in terms of phosphorus
treatment amount.
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Fig. 1

Location and configuration of Kansai International Airport islands, and seawalls subject to surveys.
Roman numerals in parentheses of seawalls A-]J correspond to the seawall types shown in Fig. 2 (cross section).

Bullets and stars represent environmental survey points in the waters.
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Fig. 2 Cross section of airport island seawalls.
@®. C,D,E,F, 1 and J are sloped seawalls with

wave breaker blocks. @. B, G, and H are sloped
seawalls without wave breaker blocks. ®. A is a
vertical seawall.
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stock in March 2011.
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FRAEENFRER>TWAELOD, St.30WHEIX, MTE
BLUOSt203EICHRL/S5UTFTTHo 70

5) ¥E4BEORE=

ERBEEREERIIBITIA0I0FE3IEOEE4HENHE
FE (GBEE), C, N, PRN—Z2DBER % Table 212
~L7z

BEZLDC, N, PEARIE, #IUABTIE, #hZ?
N 381+7mgC/g dw. 21.0+08mgN/g d.w. 164+

006mgP/g dw, 7H X TiE, ThEN409+1mgC/g dw.,

[J Ecklonia spp. {E]Undaria pinnatifida
B2 Sargassum filicinum g@Sargassum yamamoroi

Fig. 6 Standing stock of four main species of seaweed
per area of respective seawalls in 1999, 2006
and 2010.

314=09mgN/g dw., 307+020mgP/g dw., ¥ ¥EZ
T, ThEh417+2mgC/g dw., 237+12mgN/g d.w.,
151 £006mgP/g dw., ILEZEFXFTIX, FhFh
396+ 12mgC/g dw., 161x0.7mgN/g dw. 1.09=*0.03
mgP/g dw. Td o 72, 20104E D 22k BEAERET K
DC, N, PR—20BEFEEIL, FhEFNi320509%kgC,
1,148kgN, 87kgPTHh - 72,

4. & =

1) KBUBHROWBEHRES VI LREEEDBF
BT BERICBIT 2B T, MHEOZ{LE LTR
ENTELBEHOWRE, AMETIILOTHERD
EBLLTRLZ, &7 5WIE ABTE F—5ics
WCESBFRICY —HOBENS 2 5B AL/
O, BEHORELEEROB ISP ORAGFEFHRETIHE
MEBREZ RO TS, LAL, RFETHELF—
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MT station (D.L.-1 m layer in 2010)
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Fig. 7 Flow direction and flow velocity in 1 m layer

below sea level in July at three points (MT
station, St. 2, and St. 3).

FRIWERES V7 DATHY, BEOFESE2T—5 L
LTHUELETHEETFLOBBRRIIFEHTE 2270
Z TR TREFTZICEE 4 WEORMERES » ¥
CBEBROBBRRERDLE IS, BERE (RY)
080 LA RTHEOBVIRHIRA TEMNTE L, &
F o oEBEIERIE, AEBEIIOWTORERK (R?)
B, BELHAEOMBRERIEL T AL, KA
BE BIRIELETAEIVABIIOVTIIRERE
(R?) H049,L /NEh otz KEVEHRIIEENEL LD
WZONMRS KRB L, #R ARSI L IRER IS
BB LS, KEBREOMARKE L RER & OMFRIE,
FEAEBRE IS U CHF B AR R B 1238 3 % 8 2l
WAAEL Tz EZ b5,

2) EE4FROHIROER

Fig. 5la/R T £ 918, 1HIBEROERE, €=V
VBB —EED Y Y EY PELEETD - 7298,
BB 8 ERICIIZSFELED N DV ABAKR LIz —
HFEEDOKEIGED 5L ELEDORBIEEA~OE EEORR
X, BREOEBBBII-BIIBEINLIBALTH S
2B 2 B HEROESE, BEESH Y ABIIRA
T2 FTOMMDSEREBLEN 2 (20044F) THDY,
1HBOBRIIERP R VAo, BROEENLH
BLo2HMBTAREL BREo7220R, 1HEB#EREORE
BESEEFORRKBEL 2D, 2HEBEEROERE LD
WZHERPEE T ORBIITONI 72D TH L EERD
hize 1HBOEREFRABARIET S TOHMIE,
R ENIETH 72D L, 2B TIXERN
BEP THEE AP o722 D, FTOROTHELERD

Nt, BEFAEZHNE L-ATHEEDEZRBET LD 2
T, MNBELLIVEHOBBEZTONZVATAED
W ERT 51213, HIBREOHRBOBERESEE
WIRICHETET 5 2 L85, MRICHRNTHLEEZON
PASS

3) 2HAFEEBEERIIE 4 BRIRFEEICSACRE

2010 D2 B O K#ERFREE (WH0.72km?) 13,
1B o#RREM (HMHE0.20km2) (2256512 7%
o 72H, 2010FEDOHKBAFE (5461ton) 12, 1HEOE
KRBifF&E (3881ton) ZHAMIAFIZE EE o Twa,
T 2 IEERDED 1 EORBFE, FICHEE
TERAHI0% 2 EDIH TV ABOBLICL-TEY, £
OBAENER L2V LIZER LTV A,

HRER MBIV OBEFEEOHER (Fig.6) 2R 5L,
BEi#ERrBROMBNEOLER (B~E) OBfFEIC
HFOLH TV ABOEAIE, 1999F121328~58% TH > 72
75, 2 BB S 20064 121320~31%, 20104E12i314
~R% WY LIz —F, 2HMBNEOEER (F~])
OHFBICED B 7V ARBOEAE, 20065FE121320~74
%, 20104FI21321~64% &, 2 HA BB R AT O 19994 D E|
ALIEERALTHY 2HESER SN/ LICLD, 1
HEBDOD, EEROBABDBIVKREL, F09H 7
VABDOBIBRE P> 720 F2H2TER S NN
KENIAET AGERTRHATEOREIVEBIITE S
Nhdol. SO ICHEOETEICERE S W E#
BTHORPROEEFPERLLYVEER SN2V LIZE
BRI GENERTOERICE > CTEELMETH 5,
Table 11Z/R$ & 912, WEAKE (St.3) &AL
72J#iE (St.1) BLUOBHIZHMW/-BER (St.2) OK
BIHEEEVFEDSN-EB X, 5%, pH, DINTH D,
AR OE S 3J#E R & D BT, pHIZBER LD
ETEL, DINGJERIVETEDP -7 LML, 2
NLOKEHEBF -7 OWTINbBEOEFTLHET S
L9 RMEW Tk e hol. F72, Rpfd#REHCTEHME
Mo 7ze —H, Fig. TITRT & 9 St. 303 #1E4.7cm/s
T, MTREBLUSt.201/S5UTOHRETH 272,

Hurd et al®ix, # Y ABEFE LI Y THOBETH
5 Macrocystis integrifolia® 8 FWIWHERE & 5K AKFE
W OFEE OBEHEIZO W TN, 6cm/sELTF OFEIC
T B LK ED SEEIRINT AEEEMETIAHIL
PHE L TWwb,

F 7, Zed BN BT AS0EMRRED 8 1L, TR
FHED B OB BN A5 < KA H [ 6 DIEETR B &
ETE5L, WEKEANTORETRE IO TG HI
1013, KRG L KRR RN OBEFE, S,
WEIRBI ARV IEFTICIE. 7T 5 A (Eisenia bicyclis) +
HYABEPEEL, EEBRBOFHVIEITIZERY ST
SEMELETAHILERELTEY, 2HBERICLD
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AKBREDEMERT BT LEGOREE L TOLEHER

Table 1 Water quality of 1 m layer below sea level, and observed values and mean values *
SE of relative photon flux in 1 m, 3 m, 5 m, and 7 m layers below sea level (n=12).

Variable St.l St.2 St.3
; 183=18 181+19 182+19
Watwr temperature (C) (87~282) (84~276) (86~287)
N 136=0.2b 313+03 311+03
Salinity (207~32.4) (281~325) (295~32.2)
H 82=004 83+ 0,045 820,057
b (81~85) (81~85) (7.9~85)
83=06 52+10 £0+09
Chlorophylla(ug/l) (13~7.3) (16~12.0) (05~10.0)
. 23+02 24+02 22+02
Suspended solids (mg/1) (10~31) (08~35) (08~33)
0,051 %0017 0.061 = 0,02 0.078 = 0,020
DIN (mg/1) (0.025~0.118) (0.025~0.171) (0.025~0.203)
: 0.009 = 0,002 0.009 = 0.002 0013< 0003
PO+P (mg/1) (0.003~0017) (0.003~0,016) (0.003~0,032)
Rpf(%) (—1m) 558+ 36 519+54 53634
~3m) 26.1+30 237+32 254429
(-5m) 126+16 11.7+24 124+14
(—=7m) 7209 63+13 70+07
* Tukey, a<b

W L-NEAKE T, BRI EATH YV ARDOAF
KARBLZVBAGERICED DDV ABOEEI/NEL &
ol EZ LT,

2HIBPHR - EICKEVAFAKEICNEBET AL L
ZoE#R (D), GER (©) ZHh&EIT 2L, 20104
DHTYABOBEGERE, FHLGHERETIZ003kg ww./
m?TH Y, KELRMMNDH LEHERED014kg w.w./m2iZ
WAR1ABL2%RL, 2006E0LHAEENEMIE SN2
Vo 7, GERLERFERBIVMEPEA—TH S,
XD BB BV IERENKEICHNE T 2HER (©)
TRWIVEDERIM2H -V DOI TV ABOBEERIZ
053kg ww./m?2TH Y, GERICHERIGERE 2o 7
F7, GERLEREIRE LM ENFR—222%, Bk
HICH L7 1880B#ER (@) T, 20100 H T 2
BOREREIF021kg ww./m?2T, GEFIZHR7ELA X
Dol

JNEG S%, VA DHEETF OFELBREICHE
WEL LoEEW RIS E, ZOMETILEETFOE
EEENGTN, COEFICEETLIFRERBREL VR
(B LEHBEL TS, REBO/NSWAEKETIE,
HEZ70y 22X 9 MEOS WE#RICER, BREA
WCHESNERPSFHELGERETIIRRISER LT,
AT ABDEEFOEENHE S NESPER S v
WREEDZZONEY, SHOFMLRIAVNLETDH S,

2HIEERICHD, HHREIZEEINS L) NE
KEDWEZF/-E72 ), ERFEROBELRLE HE
LBRWERFR LA LY, NN L - Epl#ERc
QMK T By 7 2RET 2% LOEYES SRR
GHEZZELC2HEMER S THIUE, 1HED

BB ERE LRI e h oz LR SN,
4) REOHERICEEZSZDER

AR BTH2BEGOENLHERICKRE 2 EELZE
ABDDELT, BRLZECIZRBOEENZEZ LN
%, Fig. 5ITRT EB Y, 20044 DK IAF8134629ton
ww. THo72h%, 20054 12132505ton w.w.lZF L R
B U720 20044 1 ZEESBFM 2 HETHE, KAEIERL
MTROERT— % O5Hr s, BEERBTOKDLS
AT CEE L 72 T04165, T0418%, KEAE (T0427
BHRN) T, FNFN592cm, 632cm, 458cm® H A
mrEs L (HEEREEE KXBR). ThH0RA,
BRAREOBBRFISRE 2FEICL Y, BV FYSHE
DFIEE, LA EITE D 2005FEDREEVBS L
LR SNz, B006EOHERDOZHE L EIEIZ, 2005
FEBPBHEEICIHAKBIED 5722 LIMA, 2006
EXAFBOKBIEP 722 LT (BHHERZLEE KR
%), KBEBEOERLERNRP-7/22 LR, 20044
DEBREBROEIICLY, BEOFEEBRELLHL
WREAMEM ER LRSI Z 80X B o L HE
ANz, BEIZE B —BBEOAL XY ML, BEBO—BY
BRMPBERE 25, H I ABNDEEBILZRTIEEL,
F 7R T TR - LB DI NEIMR S bt
JARY, ZEBEORGHFRIESCHICEET S i
MW hiz,

5) FE4;HEDC, N, PIRIXE

Table 2ICR LA ZRBERDTELBOCERFER
KB GBI IR TREVDH DD, N, PE
F&IZIZIZAM L TH o720 —F, KKEDDIN, DIP#E
B, #hen1606uM, 052uMTH 0, F#hzEhn
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Table 2 Standing stock of seaweed beds in sloped seawall reef in March 2010, and annual production amounts

of carbon, nitrogen, and phosphorus.

Standing stock Dry/wet Content

Standing stock P/Bmax?” Annual amount

Species weight raitio Carbon Nitrogen Phosphorus Carbon Nitrogen Phosphorus Carbon Nitrogen Phosphorus
(ton ww.) (d.w.%) (mg/g dw.) (kgC) (kgN)  (kgP) (kgC/y) (kgN/y) (kgP/y)
Ecklonia spp 2316 110 3817 210+08 164006 9,706 535 42 1.1 10677 589 46
Undaria pinnatifida 1664 32 4091 31409 307020 2178 167 16 24 5,227 401 38
Sargassun filicinum 1104 128  417+2 237+12 151+006 5893 335 21 24 14,143 804 50
S.yamamotot 377 183  396+12 161+07 109003 2732 111 8 24 6557 266 19
Subtotal 546.1 20,509 1,148 87 36,604 2,060 153
Small seaweeds 1412 100 286 330 1.00 4,038 466 14 20 8076 932 28
Total 687.3 24,547 1,614 101 44680 2,992 181
* Mean = SD

Table 3 Annual production amounts of carbon, nitrogen, and phosphorus per 1 m2, 1m of sloped seawalls and

vertical seawalls in March 2010.

Seawall Annual amount Area and distance of Annual amount
type Carbon Nitrogen Phosphorus seawalls observed Carbon Nitrogen Phosphorus
(kgC/y) (kgN/y) (kgP/y) (m?) (m) (gC/m2/y) (gC/m/y) (gN/m¥/y) (gN/m/y) (mgP/m¥/y) (mgP/m/y)
Sloped seawall 44534 2,979 180.3 699,000 22400 63.7 1,988 43 133 258 80
Vertical seawall 146 13 0.7 21,000 1,800 70 81 0.6 7 33 04
Total 44,680 2,992 181.0 720,000 24,200

LB 0281, 16fE, B2 034215, 1045L
WEZ D o 72

Asare et al® 2 Wheeler et al20i, #5357 ba v 7
(Laminaria saccharina), ¥ * 4 7 ¥ + o W7 (Macrocystis
pyrifera) Tz EDOEARDN, PEHEREILX, #AKP DDIN,
DIPBE L BT HHAEN L W EHREL T EA, KR
ETRL0 L) EmMER LR o7,

WE LD, FEBEBRRIIBWTH YT AREE
DOFEONEFALIERE L FMT 2720, FHEEELRD,
BFPSDOC, NREE L7z,

ZHEERTIE, BEROEFEYIT L2 OP/Buax (F
BMAEE/ERKBEERE) PROLNTWVEE, 40,
BRMOMAERE > OBFENRE L/ Ex R RS
fiEBmax& B L, XHMEDOP/ Braxk T 52 L TH
B 5% L FERRICERARER ERRNE) e L7,
ATVABIRLL, TARA, YYEZ, GLEIZEFFI
245 Lize ZEBICERTA/NEBERIL VIO
20 REEL Lo OB, NRIBHETH 5D HEINEY
DEBE DLW T F Y EUlva spp., < 7 Y Gelidium
elegans, \= A F ISchizymenia dubyi, A AN \=
Halarachnion latissimum, 7 /7 < % Chondrus occellatus,
£ X 2B CeramiaceaelZ2\WTh, £FHWILX B HiE
THAERED? SBFENRE L/, PMMIGEEHOWZEE
BHIITFHWRETHAH01E L, C, NEARITHEIE
BEORTROBHERIILVY /<7 05 EZAERL
THW (B ERZEES, KFER), PEAEIZ005~1%
DEO#BETESHTLILEPH1%E LTRELAW,

ek B RKIC BT 20100 FE 4 HBEICL BC,
N, POERRINE I, FNENn36604keC/y, 2,060kgN/

v, 153kgP/y T, /ARVERENOC, N, POEMINEIL,
FNn#n8076kgC/y, 932kgN/y, 28kgP/y T, & TI
44680kgC/y, 2992kgN/y, 181kgP/yTH o720 FE 4
WHEOC, N, PEAFEICEHDAEIHIE, ZhENH30%,
#70%, ¥85%LRY, FTEAWEOHRNEBEDE
B KA GLBERIC K E KB o TV B Z EXHS
/RN Y A

WICERS A TIZXBC, N, PERRIED LD
7z, 20104 3 A ofE#t#ERE B~]), HLER (A)
D1médH7zh DC, N, POFEFPILE % Table 3127/ L
2o HEMERFEHOC, N, POERRINEIL, FhZ
Nn63.7gC/m?/y, 4.3gN/m?%/y, 258mgP/m2/yTdh o7,
—7%, BVERZ Fh#Fh70gC/m¥y, 06gN/m%/y,
3BmegP/m¥/yTh o7z &h s, HEFERIIHEIERC
B, ZhzEhofs, 715 SHOEHBNELXHTS
ZEWHOLPIIE o T,

KPR TIE19784F A 519904 F T O 12210 X 108m?
(33%) DEHHHRL 722, MIKRBICHEEST HCE
WZDOWTRSZE, ZTOKRECTHIL 728 EIRILL T
W E B OCE 3 SCRRE 2 52529tonC/y & HER S
720 ZEVE B OB TN E LB EMCIINE (20104F)
1344.7tonC/y (Table 2) TH A I & H» 5, KERETH
KLEBEPBNL TW2CEDIZ% %, ZEEDEYS
DRI T B Z ik 5,

6) B(TERIEEEHE DKER LESEE DR FRIETE

Bk, WREEEEOMEEZ M AC, N, POFRYIX
B3, BEREH) TEEXNDE Z LA S oD,
L Lads, BONTERMLZN#ET 2B 5T
XhBERIERT I, BlE L-BEOET - BRITE
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L7 RE R ICA TR B+ BiHT 2B ER L &
V), WESRKT HEEE D O WET & UEE L5
POBET CTERBLENG, Z0L) REHTIE, /b
R & KEVERE, —FEPSSEAPELHEGEY
PR ENTVS, KEFHICL ) ZORERPRERENK
& B EHERTOBBRBEEOABENREL, £k
MO OEMERD 2 OMEIC L Y EHET 5 2 LA+
ThrrEZONT, T/, BEBEWORET - BT
H72o TIIENEREH-) TlEe, ERERETESNL
BIEDPTRETH A, 2 TEEBOESHERT IIEKX
SN7-BEHOBEAR L ERERTR IS LT, IHF
B THALICHE L2 AR (m) 729 oC, N, PO
& % K7z (Table 3),

COFEA R EICEAEEEOEMERTOERICE
17BN, PORINE L, TARERBFOLEE L THEHEE
DB EAT> 720 BESEMRFIFRIEIZ L D HERLEK
£200%103m3/day# ML+ 5 FAREHER OBERICET
PEMIE, TRESELBRZOBRBELE, O, &
BEIT430BMH, FHERERRIIOMEERAE I N
7, COBELABREICLLEEE (T-N), &Y~
(T-P) OWEEETIE, 1H7z) FhEh 8 ~10mg/l,
08~12 mg/ITHAH T L Hh 50, HEKICH) ThFh
9mg/l, lmg/l& L7z TOMBEMEICHRKMLERD
PRLCRELZ1HBH720DOT-N, T-POREEZ,
F N ZF N1800kgN/day, 200kgP/dayTd» v, Z hil,
FEHMEAH B65H) 2F LA LT, ZORMRICE
} 5T-N, T-POERLEE X, % h ZFh657tN/y,
T3P/yeABIN, HHROBREBELZEHULEE TR
ThE, lkgNEBR, VY EORBICETLIEZEIL,
Z h # 165000 /kg, 590,000//kgT H - 72 % 77,
FHMEREEBRZTENLERE CRT S L, kgD EE,
VUVEORBICETIFAMMBEERRL FhEh
1450M /kg, 13,000/H/kgTd - 720 KIKE D #ER471km
D) H3OkMAATLIEBRT, FOELALDPENLERT
HHZEhs, IkmOELEREBREARER~NKET
AT LI, FHRINTARE B VER FhE
N1907kgC/km/y, 126kgN/km/y, 7.6kgN/km/yH# X
XegpbREEN The TARBBROEREICH
4 p L BENEECTHEMS0FN, Vv BEE T4505
Mo 4E L, BELERFERMERERRICHEEL T
EXRNEECTERISHME, V YUBETIORHOERD
LB LR SNS, EROBRTRERZZET T
B ) OERPRETLLEELON, 5%, H-h#ER
BRRCYUBHICIIINOEREZZET LI LN EI NS,

EFEROMEEZ LSS0, Bl LTS
RO PASHAKIRE 2 &2 X ) ITHER & ok Z B <
THIL, RBEBVEHETHILETFHINLEEIZE
BRI M2 EANETHLEEL LN,

F72, BYERPERERCRRTAILICLBAERR
WO LEERILT S5 ENFTEL, 55K, HEFE
BHROBELHPRMET 5HEBRI—E 2%, EROERD
e T ob# FRICHMLZ)ZT, 4 7%42
NVaZbELTOREEZFML TV TFETH 5,

AW EEY B ICH72 ) THI 2 TR -l ERZE
B att, 26T -2 ORURICSHAHTENZ, w
THHRAZHDEMIEHF LT,

g2 £ ¥ ik

1) JKET : FR23EEKERE, pll4, 2011

2) BRETEARER - - MEEANBFARLY F—
E 40 BAREERSEER BB EMEREF AR
HE (T8 - BE -V IlERL). £25EY%
200, 1994.

3) FHRBUK - FFHEEMEE - FritE—  ALEROERK
L FZDEYREIRIZOVT. IREBENZE — b,
29(1) : 37-50, 1991.

4) WMTE - IMEAR - FHAA - FEREH - EREE
BRZevs iR 2 BT 5 B ER BN & £ DEYMNZD
RIZoWT (£01). #BENME, 9:77-85 1997

5) RIFIER - FEEAMN - BHEFRK - —E5RHET B
THERZEERSEROBRGERIC X ARELERIR
IZDoWT. 2ARPER, BRIFRIE, 47:119-
1200, 2000.

6) BREHERE - RILEE - WIREA  BEERZEE2
HEBEBIIBIT AEEERIIOWT. BHERRER
4R, 190 13-18, 2003.

7) BAVHEIRR BN S - BT ER S ER T
Bt ZBREERRIERERZAESE, MEER
kA1, p397, 1994

8) MATHEIRRZHkASHERFELF 0 I RETB &
UHFHENOBA. 2HEEE#ERTHE BEE
PRk &4k, pp8-18, 2003.

9) HARBEIHSE - JIS K 0102, 1998.

10) #F—x 2 = ZHH : 4Steps T 7 L IVHET (582

M), #—TAT AW 2004

ETF - EFEEE - BEHESE - REEL - R

‘ez KEREDOAT#ER LIRS N/ EEE%

DOHFRFEEFEEICERT 27 HOBAEE. H

JKRE, 73 :443-453, 2007.

FH £ BEOCEFEELER (BR).

29 : 798-808, 1963.

AWt - REFIER @ HMEEO/EHRICERE L

7o ANTHE BICEET 2 iBEEOER. HARE 61:

854-859, 1995.

HEENKEERRERS © BEIEEEICRIZ

THELZHE T 500K & L Bel #H3E

NKEERRERS, pl04, 1992.

Hurd.CL. HarrisonP.J., and DruehlL.D,, : Effect

of seawater velocity on inorganic nitrogen uptake

by morphologically distinct forms of Macrocystis

11)

12) HKRE,

13)

14)
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integrifolia from wave-shelteted and exposed
sites. Mar. Biol., 126 : 205-214, 1996.

LR - AR - BRI - RILEEA - B
WK -BA ¥ ERSL - AEEHEE  BEE
2B BIRBEE S & KBRS T A B
. IARZES, EEL¥ERCE, 48:1161-1165,
2001.

NstRE - FHAE - BEN & - PO - £
BB TR BURET R ARERE O

EHE B3| ZHPFBEEIBICBT S EREM
TP, U91023 : p.37, 1991

FHER - WREZ - FIIEZ - FHFAE LB
BRABTLIHBEEORE - EXEHRLTOF
Wi b, WP AKITER, 35361, 2001.
HHERS - T - BEEG - EOEC @ BF
HO—WERE L REBEOMMBICET AHZELE 2
— — B L P NS O K EIERRE QM T
—. KW » & -k, 34 :1-30, 2011.
IWHER - KTER : ATU—T7IZAEB LAY
ADRE, BRERT) VEHRE. MERINERER
vy —EERE (2004 4E8%), pp.89-92, 2004.
BSLATBUE NRER SR ~ &7 — B F NIEX K
EMEE  EANE T Ty 7 RiESRAEEN
FERR. BMUIITHREAKEREN ALY ¥ —
WA WX KERTSEFT, p.197, 2005.

IWHEER - BT AEESREROREORE,
KRNI, 69 © 208-212, 2005.
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Wheeler.P.A.and North,W.]. : Nitrogen supply,
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WE OB - RESE - HEEF - AR - 2
B— BB ¥ -7 - SsAEH - FEER
IR AT AHEIIRBITAERMAEREE L K
¥ ZB2FOFMBINE. HKEE 75:1027-1035,
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KHERL - R - RERE - BREE - &F
ER] - KB O N TERBUSA S NG ERE
DOHMEFHIRIZ Ty —HORE -7 —HOBERE
W& BuRsEREE OB b —. HKEE 73 1031-1041,
2007.

& TR - KHER SoREMFEOBEDOEE
B . BEKA - HE R REAE (R
BEBETRIR Y ) — X3 BHERFIFCLHE
LB, mol A, R, pp.129-136, 2010
ML ATEGE NS TTZEAT © /AR, SIS
1% CO2WEZ DM O = B, AT BUE AR
MR EHFZERT, pp.104-107, 2004.

KFER : ALY —7~Dh ¥ ARG %
OWLKICHET % KETISF, 451169178,
2009.
HEEANEBARTRERS © WG T REEHRE
SRS & . T T ARE RS AR
RIS ER HHEABLRTKEDRS,
p.285, 2008.

NI | -El ectronic Library Service



